Lexical Selection, or H ow to Bridge the Major R ift in Language Processing
W il l e m J . M . Le v e l t , N ijm egen 1. In tro d u ctio n T he claim th a t a lan g u ag e's m a p p in g of sound to m ean in g is (by a n d large) arb itrary needs no defense now adays. B u t it w ould be false to conclude th a t the claim is a triv ial one. I t isn 't. A n explicit theory of language should give an account of th is a rb itra rin e ss. W here in th e system is it to be located? Is it lim ite d to a single m odule, such as th e lexicon, or is it d istrib u ted all over th e sy stem ? Are there b o u n d a ry conditions on arb itrariness? If so, are th e y universal?
A nd a d d itio n a l questions sh o u ld be raised by th o se (like m e) who con sider language to be a m e n ta l facu lty : W h a t kind o f learn in g m echanism is involved in th e acquisition o f a rb itra ry so u n d /m e a n in g rela tio n s? Is this arbitrariness reflected in lan g u a g e processing, in p a rtic u la r in th e proces ses of speaking and of lan g u a g e com prehension? Is it, in p a rtic u la r, the case th a t processing is different w here relatio n s are a rb itra ry th a n where th ey are sy ste m atic or rule-governed? I t is th is la tte r question th a t will be th e focus of th e p resen t paper. A fter some in tro d u c to ry re m a rk s ab o u t w h a t I will call th e m a jo r rift in th e system , the m ain locus of a rb itra rin e ss, I will discuss tw o central properties of lexical processing, activ atio n a n d selection. I will th e n argue th a t the relation between a c tiv a tio n and selection is a different one across th is m ajo r rift th a n it is a t e ith e r side of it. T h e claim will be supported by d a ta on lexical access in speech p roduction.
2. Interfacing: sy ste m a tic ity a n d arb itrarin ess M apping m eaning to sound involves at least the follow ing th ree interfa ces: m eaning to sy n ta x , s y n ta x to phonology, a n d phonology to phone tics, T here is arb itra rin e ss in each of these interfaces, b u t to diiferent degrees. A lthough theories vary su b sta n tia lly in th e way they represent the m ean ing-to-syntax m a p p in g , all recognize sy ste m a tic ity in th e way sem antic a rg u m e n ts are m a p p e d o n to sy n ta c tic fu n ctio n s. S em an tic ar-g u m e n ts can be un iv ersally ordered on a scale of saliency, ra n g in g fro m h u m a n agents via th em es to sources, goals and a h o st o f m in o r th e m a tic ro les ( F i l l m o r e 1977). G ra m m a tic al functions, in th e ir tu r n , can b e o rd e re d on a scale o f p rom inence ( K e e n a n 1976), ra n g in g fro m su b je c t, v ia different types o f o b jec t to obliques. And the s y s te m a tic ity is in th e m o s t salien t a rg u m e n t going for th e m ost p ro m in en t fu n c tio n . If th e re is a h u m a n ag en t, it will p referably be m apped on th e s u b je c t fu n ctio n . If t h a t s lo t h a p p e n s to be occupied, it will go for th e n e x t fu n c tio n in th e p ro m in e n c e hierarch y , etc.
T h is preference also shows up in the lexicon. T h e re is a canonical o rd e r in w hich lexical ite m s m a p sem antic a rg u m e n ts o n to g ra m m a tic a l fu n c tio n s, an d it follows th e sa m e system aticity. M ost verbs t h a t have an a g e n t as sem an tic a rg u m e n t (such as give) will m ap it o n to th e ir e x te rn al (s u b je c t) fu n ctio n , etc. B u t th is canonical order is o fte n v io la te d in th e lex ico n (such-as in receive). M oreover, m ost verbs allow for tw o or m o re d ifferent m ap p in g s (such as actives and passives). A lso th e sheer n u m b er o f g ra m m a tic a l fu n ctio n s th a t a verb requires m ay differ from th e n u m b er o f se m a n tic arg u m e n ts it expresses (such as in raisin g verbs).
Since th e re are m an y m ore different sem antic a rg u m e n ts th a n th ere a re s y n ta c tic fu nctions, sy n ta x ca n n o t fully absorb th e w e a lth o f se m a n tic d istin c tio n s. A nd th e resu ltin g m ap p in g is often q u ite a rb itra ry . N eith er c a n s y n ta x absorb th e richness o f sem antic m o dification. S y n ta x is ra th e r m o re like a P ro c ru ste a n bed t h a t forces unequals to b eco m e eq u a l. S y n ta x , o n e could say, is th e poor m a n 's sem antics.
T u rn in g now to th e so u n d -re la ted side of the sy ste m , th e p h o n o lo g y -top h o n e tic s m ap p in g , we find a m irro r im age of the la tte r s itu a tio n . T h e re is s u b s ta n tia l sy ste m a tic ity in th is m ap p in g as well, b u t now it is p h onology t h a t ca n n o t absorb the richness of phonetics. A rtic u la to ry gestu res a n d th e ir acoustic effects can range continuously w here p h o n o lo g ical repres e n ta tio n s are discrete. T h e sam e phonological d istin c tio n can u su a lly be realized in an u n lim ite d n u m b er of ways. N ot only do sp eak ers o f th e sam e lan g u a g e differ in th eir a rtic u la to ry realizations of a p h o n o lo g ical p a tte r n in ra th e r a rb itra ry ways, b u t th e sam e speaker varies c o n sid e rab ly in th e w ay phonological fea tu re s are physically realized, d e p e n d e n t on p h o n e tic c o n te x t, key, register, r a te and fo rm ality of speech, T h is v a ria b ility is n o t alw ays sy ste m atic ; it can, in fa c t, be quite a rb itra ry as well.
T h ere is, it should b e a d d e d , also an inverse in d e te rm in a c y . U n d e r ly in g phonological d istin ctio n s m ay get lost in the p h o n e tic sig n al; th e re is phonological red u c tio n all over th e place in n o rm a l fluent speech. It is } therefore, p robably correct to characterize th e p h o n o lo g y -to -p h o n e tic s re la tio n as a som e-to-m any m ap p in g . Or, pho n o lo g y is th e p o o r m a n 's p h o netics. T h e p o o r m a n , o f course, is the la n g u a g e user w ho has to rem em ber th e sound form s o f his language. It is im possible to store the infinite range of w ell-form ed a rtic u la to ry p a tte rn s. B u t it is possible to sto re a finite n u m b er of a rtic u la to ry tasks (such as to close the lips, or to raise the velum ) th a t th e a rtic u la to ry system will have to execute in order to realize th e la n g u a g e 's so u n d distinctions. T h e execution of each such task is a one-to-m any m a p p in g th a t is n o t stored, b u t th e natural product of an intelligent m o to r sy stem ( B r o w m a n and G o l d s t e i n 1990) th a t varies ra th e r a rb itra rily betw een and w ithin speakers.
T h e m o st significant a rb itra rin e s s in th e system , however, resides in the syntax-to-phonology m a p p in g . Still, th is a rb itra rin e ss is restricted in locus. T h ere is, for in stan ce, g re a t sy ste m atic ity in th e way syntactic constituent s tru c tu re is reflected in phonological co n stitu en t structure. In m any languages, for in stan ce, th e lexical head of a sy n tactic phrase becomes th e com pletion o f th e cu rren t phonological phrase. Intonational phrase boundaries ten d to coincide with clause b o u n d aries, etc.
T h e m a jo r rift in the sy ste m is in ternal to th e lexicon. It is in the way m orphem es, as m eaningful sy n tactic units, m ap o n to phonological p attern s. A p a rt from hom op h o n y (which can be s u b sta n tia l, like in Chi nese) j the m a p p in g is by a n d large one-to-one b u t alm o st com pletely ar bitrary. T h e re is no reason w hy a c a t should be called /k a e t/; it is ju st an accident o f E nglish. T h e re is no ru le or sy ste m atic ity by which this fact can be predicted. O nly large-scale s ta tistic a l analyses of th e lexicon show th a t there is som e s y ste m a tic ity even here. K e l l y (1992) reviews some of it. In E nglish, for in stan ce, n o u n s tend to contain m ore syllables than verbs, and different from verbs nouns te n d to have w ord accent on the first syllable. N ouns also c o n ta in front vowels m ore often th an verbs do (S e r e n o an d J o n g m a n 1990), etc. K e l l y argues th a t the listener may be using such s ta tis tic a l reg u la ritie s in parsing. B u t th ere is ju s t no way for a listener to access th e lexicon on the basis of these reg u larities alone; they are really q u ite m a rg in a l to th e system .
In short, we are observing an alm ost C artesian s ta te o f affairs. There is, on the one h an d , a m e a n in g /s y n ta x system w ith fairly system atic in tern a l relations. T h e re is, on th e other h a n d , a phon o lo g y /p h o n etics sy stem w ith fairly sy ste m a tic in te rn a l relations. B u t as far as these two are connected via th e lexicon, th a t connection is as a rb itra ry as th e pinal gland. It is, th en , a reasonable question to ask, w hether linguistic pro cessing reflects th is s itu a tio n . In p a rtic u la r, is this m a jo r rift ap p aren t in lexical processing?
3 . Lexica] activ atio n a n d selection in production 3.1 T h e lexical netw ork T h e n o tio n of activ atio n sp re a d in g has always been a ro u n d in th eo ries of lexical access. Since C o l l i n s a n d Q u il l ia n (1969) a c tiv a tio n sp re a d in g th ro u g h lexical netw orks h a s becom e a m ajo r th eo re tic al device in the s tu d y o f lexical access. S c h n e l l e (1989, p. 167 ) is rig h t in s ta tin g t h a t "phonetic, phonological, a n d m orphological d a ta connected w ith th e p ro blem o f lexical access (...) and th e phenomena of speech production (...) provide th e b est problem areas w ith which to s ta r t " (i.e., to s t a r t th e m o delling o f parallel lin g u istic processing). Here I will tak e u p th is challenge, and give a sh o rt o u tlin e of our m odel of lexical access in speech p ro d u c tion. I will th en discuss som e d a ta on lexical activ atio n a n d selectio n t h a t are relev an t to the rift issue in tro d u ced above.
T h e m odel was largely developed by R o e l o f s (1992) as a so lu tio n of th e so-called "h yp ero n y m p ro b lem " form ulated in L e v e l t (1989) . A fu rth er in tro d u c tio n to th e m odel can be found in B o c k a n d L e v e l t (in press). In th e m odel the p ro d u c tio n lexicon is rep resen ted as a netw ork through which activ atio n can sp read . It is not a c o n n e ctio n ist netw ork, but o n e in th e tra d itio n of C o l l i n s and Q u il l ia n (op. c it.). T h a t is, b o th nodes a n d arcs are labelled entities, and there m ay be v ario u s c o n d itio n s on th e spreading o f activ atio n betw een nodes.
F ig u re 1 (see n e x t page) represents a tiny p a rt o f th e p ro d u c tio n lexi con. A lexical item is rep resen ted by a triple o f connected n o d es. E ach node resides a t a different s tr a tu m . T h e top s tra tu m is th e co n c ep tu a l le vel. N odes rep resen t concepts, an d arcs the relatio n s t h a t h o ld am ong them . T h e notion o f a c a t is represented by th e node C A T , an d its m eaning is represented by the netw ork of relations to o th e r co n cep tu al nodes. T h ere is, for in stance an zs-a-relation to the n o d e A N IM A L , a /o o d -relatio n to M E A T , etc. A conceptual node can be a c tiv a te d by a c ti vation spreading th ro u g h th e netw ork. For instance, if C A T is a n active node, som e of its a c tiv a tio n will spread to the n o d e D O G v ia connecting arcs. A lso p e rc e p tu a l in fo rm a tio n , such as seeing a cat, m ay a c tiv a te th e corresponding node.
Som e conceptual nodes have a direct arc connection d ow n to th e nex t level, which is called th e le m m a level. CA T, for in sta n c e , is directly connected to the lem m a node "c a t" . Such concepts are "lex ical co n cep ts" , i.e., concepts for which th ere is an entry in the lexicon. source o f lem m a a c tiv a tio n is a n active lexical concept. B u t in addition lem m as can be a c tiv ate d by th e spoken or p rin te d w ord th a t corresponds to the lem m a. Finally, a sm a ll se t of lem m a nodes (n o t represented in Fi gure 1) can be a c tiv a te d by s tra tu m -in te rn a l s y n ta c tic a c tiv atio n . Among them are a lan g u ag e's closed class item s. t rea c tio n tim e d ata, in p a rtic u la r w ord onset latencies in p ic tu re n a m in g . His m a in ex p erim ental task is an interference p a ra d ig m . T h e s u b je c t h a s to n a m e a picture, b u t a t som e m o m e n t a visually p re se n te d d is tra c te r w ord a p p e a r s , which th e su b je c t has to ignore. U sually, such d is tra c te rs affect t h e p ic tu re n am in g latency. A nd th a t is especially so for se m a n tic a lly r e la te d distracters. If, for instance, a picture o f a c a t is p re se n te d a n d sim u lta n e o u sly th e word "dog" is flashed, the n a m in g resp o n se "c a t" is d e la y e d . This, a t least, h a p p e n s when the su b je c t know s t h a t th e re could a s well be a pictu re of a dog (i.e., "dog" is in the resp o n se se t). T h e rea so n fo r th e delay is t h a t th e Luce ra tio for the ta rg e t ( "c a t" ) w ill be sm a lle r w h e n the sem antic a lte rn a tiv e ( "dog" ) gets e x tr a a c tiv a tio n . T h e m o d el g iv e s a precise q u a n tita tiv e account of b oth th e in te rfe re n c e d a ta in th é lite r a tu r e and o f new ly acquired d a ta .
3.3 A c tiv a tio n sp re a d in g a n d th e rift T h ese a n d sim ilar e x p e rim e n ts ( L e v e l t et al, 1991) show th a t activation can s p re a d freely from th e conceptual to th e lem m a level. T h e targ e t concept sp read s its a c tiv a tio n to related concepts. T hese, in tu rn , spread th e ir a c tiv a tio n to th e ir lem m a s. Lexical selection is the outcom e of a co m p e titio n betw een c o a ctiv a te d lem m as.
O ne w ould now e x p e ct t h a t th e sam e sto ry sh o u ld m u ta tis m u tan d is h old for th e relation betw een th e lem m a level an d th e form level: A ny active le m m a will spread som e o f its activation to its lexem e node, and the m o st h ig h ly activated lexem e h a s the b e s t p ro b a b ility of being selected. A nd th a t is precisely w h a t connectionist m odels (such as D e l l 1986 or M a c K a y 1987) p red ict. B u t th e n one d o esn 't reckon w ith the rift.
In o rd e r to te s t w h eth er any activ ated lem m a sp read s its a ctiv atio n to th e lexem e level, L e v e l t e t al. (1991) devised th e following exp erim en ta l pro ced u re. T h e task is a g ain a nam ing task . T h e subject nam es one p ictu re a fte r an o th er. In a b o u t one th ird of th e tria ls an ad d itio n al s ti m ulus is p resen ted to th e su b je c t, b u t it is n o t a d istra c te r stim ulus. T h e stim u lu s c a n be a spoken w ord (like "house" ) or a non-w ord (like "s e P ). T h e s u b je c t's (secondary) ta sk is to decide w hether th e acoustic p ro b e is a w ord or a non-w ord. T h e decision is in d icated by pushing a "yes" b u tto n or a "no" b u tto n as fa st as possible. A nd, of course, th e su b je c t h a s to n a m e the p icture. In th e critical ex p erim en t, th e acoustic p ro b e began (on average) a t 73 m illiseconds after the p ictu re appeared. From earlier e x p e rim e n ts we knew th a t this was the rig h t m om ent to m easure ac tiv atio n o f the lexem e, i.e., phonological a ctiv atio n o f the ta rg e t w ord.
How could th is phonological a ctiv atio n be m easu red ? T his was done by p resen tin g as acoustic p ro b e a word th a t is phonologically related to th e ta rg e t, i.e., to th e n a m e of th e picture. For in stan ce, when th e p ictu re w as one o f a cat, th e aco u stic p ro b e could be "cap " , a n d the subject w ould p ush th e "yes" b u tto n because "cap " is a word. I t tu rn s o u t th a t the lexi cal decision to "cap " is slow er th a n the lexical decision to a phonologically u n re la te d w ord (such as "p ill" ). In our exp erim en t th is difference (b e t ween phonologically re la te d and u n related probes) am o u n ted to a highly significant 88 msec. It in d ic a te s th a t the lexem e node o f the ta rg e t word is highly a ctiv e a t the m o m e n t of m easurem ent. O r in other words, the ta rg e t le m m a spreads its a c tiv a tio n across the rift. B ut w h a t a b o u t a lte rn a tiv e lem m as? W ill se m a n tic a lly related lexical ite m s b eco m e phonologically activ e as well? For in sta n c e, if the su b je c t is n am in g th e c a t's p ictu re, w ill th e re be phonological activ atio n of "dog" ? W e know from R o e l o f s ' work t h a t lem m as th a t are sem antically related to the ta r g e t will becom e active as well. T h is was m oreover confirm ed in ou r lex ical decision p a ra d ig m . W h en we presented "dog" as a p ro b e w ord w hen th e ta rg e t w as "c a t" , lexical decision was su b sta n tia lly slow ed dow n (as c o m p a re d to a n e u tra l p ro b e like "p ill"), on average by 106 m sec. W ill such a coactiv ated lem m a spread its activ atio n over th e rift? T h is could be teste d by using a lexical decision probe th a t is p h o n o lo g ically re la te d to th is sem an tic a lte rn a tiv e . If the alte rn a tiv e is "d o g " , th e p ro b e could b e "d o t" . W ould lexical decision to such probes be slow ed dow n (as c o m p a re d to n e u tra l p ro b es)? O u r experim ent showed th a t th is w as n o t th e case. A ctually, th e lexical decision latencies were on av erag e 2 m sec, fa s te r. T h e re was n o t th e slig h test indication th a t co a ctiv a te d lem m as s p re a d any of th eir a c tiv a tio n to th eir lexeme nodes.
C onclusion
T h is su rp risin g finding leaves us w ith the following conclusion; O nly seiected lem m as can sp read th e ir activation over the rift, m ere ly activated le m m a s d o n 't. In speech p ro d u ctio n lexical selection is a p p a re n tly a n e cessary co n d itio n for in itia tin g the encoding of sound form . I t also m e a n s th a t th e m ech an ism of phonological encoding is n o t like th e m e c h a n ism o f lex ical selection. I t is n o t th e case th a t there is a co m p e titio n b etw een al te rn a tiv e active lexem es, one o f which becom es selected (follow ing L u c e 's ru le ). R a th e r, o nly a single lexem e, the one corresponding to a selected le m m a , becom es activ ated .
W h a t we have learned, follow ing S c h n e l l e 's challenge, is t h a t th e re is n o u n lim ite d cascading of activ atio n through the lexical n etw o rk . T h e re is a rift in the m iddle, and processing a t the two sides follow s different prin c ip le s. Isn 't th is w h a t 
